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follows: "In closing I cannot refrain from a few remarks concerning 
the conditions of life at that period, especially since the prolonged 
visits which I have made to the retreating ice front in Alaska [a 
month in midsummer] and in Greenland [two or three weeks in 

August] have rendered it so much easier for me to believe in glacial 
man than it would have been without those experiences. The neigh- 
borhood of the ice border during the glacial period was probably not 
an uncomfortable place in which to live." And again, in respect to 
conditions unfavorable to relics-" When we reflect, also, upon the 

completeness with which the habitations of the modern Indians have 

disappeared, we need not be surprised at the total disappearance of 
the habitations of glacial man. Nor is it strange that well-accredited 
discoveries of his implements have so rarely been made in the undis- 
turbed gravel which gives us the surest evidence of his great antiquity. 
Naturally, the cautious inhabitant of that time would have been some- 
what careful about venturing down into the river valleys, whose terrific 
and periodical floods were depositing the terrace gravel." And yet 
we are expected to believe that these terrific, fear-compelling floods 
made a deposit of sand, fine gravel, and clay in which, "except for 
two or three feet on top, only rare pieces of gravel occur of more than 
one half cubic inch in size" (Huston). T. C. C. 

Fossil Sponges of the Flint Nodules in the Lower Cretaceous of Texas. 

By J. A. MERRILL. Bull. Mus. of Comparative Zo6logy at 
Harvard College, Vol. XXVIII., pp. 1-26, I plate, July 1895. 

This paper is the first contribution to the minute structure and 

organic remains of the flints found so abundantly in the Caprina lime- 
stone of the Lower Cretaceous of Texas. Mr. Robert T. Hill, in 
several preliminary papers, has described their geological occurrence. 

The studies set forth in this paper were based upon a few nodules 

brought to Cambridge (Mass.) by Mr. E. E. Cauthorm, from a quarry 
west of Austin, Texas. 

"The hardness of these nodules," our writer says, "is often greater 
than that of glass.... In shape they are spherical, cylindrical, or 

flat; and in size they vary from two inches to a foot or more in 
diameter. The color is a dense black, with white or gray spots mixed 

irregularly through it, varying in size from microscopic to that of a 

pin-head. These spots are generally replacements of organic remains, 
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and, when such, are, in all cases that I examined, chalcedonic silica; 
the larger ones showing the structure characteristic of chalcedony.... 
The outside of the nodule is composed of a layer of chalk one-quarter 
to three-quarters of an inch in thickness, cemented with infiltrations of 

silica." Generally there was only one layer of the chalky substance, 
but in one nodule four alternations of this material with layers of solid 

amorphous silica were observed. 

Preparatory to studying, the flints sections were cut in various parts 
of the nodules and at varying directions, so as to discover if there was 

any difference in the character of preservation, etc. 
The origin of the nodules is assumed to be the same as that of 

those in England and on the European continent, i.e., "that the source 
of these stones is organic silica, and that the principal source of this 

silica is the framework of silicious sponges." This conclusion is con- 

sidered justified "from the great similarity of physical characteristics 

of nodules and surrounding materials in the Cretaceous of Europe and 

America, and also from the fact that the included fossils are of the 

same families and genera." 
Remains of the following organisms were found: Foraminifera, 

were in every slide, and were represented by Globigerina and Textul- 

aria. Sponge spicules, were very numerous; and imperfect remains of 

mollusks and fish scales were present. 
To the condition of the preservation of the sponge spicules con- 

siderable attention is given. They were found in all stages of preserva- 
tion, but excepting the globo-stellates, very few were perfect. Some- 
times numerous faint tracings of spicules merged, so that their outlines 
could not be followed, more often, however, they were separately 
imbedded in amorphous silica. The canal usually showed a separate 

crystallization from the body. Its size varied greatly, sometimes there 

being only a ring of crystalline silica on the outside. The canal may be 

replaced by dark opalescent silica, or it may be hyaline in appearance. 
The globo-stellate spicules were composed, in most cases, of 

amorphous silica, and Mr. Merrill suggests that they may represent the 
colloidal silica originally deposited by the sponge. In these spicules 
evidence was found corroborating the experiments of Sallas, viz., that 

the globo-stellates are dissolved from the center outward. This is 
illustrated in Fig. 22, in which the center portion of the spicule has 
been entirely disso.lved and only the spines are left. Some spicules 
were replaced by peroxide of iron. 
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After the discussion of the conditions of preservation a comparison 
is made with some chert from Croydon, England. The chert, instead 
of being composed of amorphous silica, was made up of "a dense 

aggregation of entangled spicules." 
In classifying the spicules of course the classification of Zittel was 

followed. Representatives of the Monactinellids, Tetractinellids, 
Lithistids (?) and Hexactinellids were found. Mr. Merrill introduces 
but few new names, contenting himself with describing and figuring 
the spicules the best that he could. For eight of the forms figured he 

proposes names, recognizing however that later, several of the different 

spicules may be proved to belong to the same species. 
Of the various groups, the Tetractinellid~e are the most abundant, 

and, strange to say, the dermal or flesh spicules are the most numerous, 
and are the best preserved. This is the reverse of what has been 
found by the students of the European cherts and flints. The writer 
of this review has found the same condition prevailing in the slides of 
the Texas flints that he has examined, as Mr. Merrill describes. The 

globo-stellates are the most abundant and best preserved. 
The following are the names proposed by Mr. Merrill: Geodia? 

spini-curvata, Geodia? cretacea, Geodia? austini, Geodia? irregularis, 
Geodia? tripunctata, Geodia? texana, Geodia? spini-pansata, Geodia? 

hilli. 
A single spicule of a doubtful Lithistid was found. The Hexactin- 

ellidze were but poorly represented. 
In discussing the process of formation of the nodules the theories 

advanced by Wallich and Sallas are first given. Then Mr. Merrill 
states that in the nodules studied by him the spicules were more per- 
fect in the body of the nodule than near the surface, those near the 
surface showing crushing and mechanical wear. "The mechanical 

crushing differed considerably in the different specimens, and one 
showed complete obliteration of the spicular structure." In the sponge 
spicules studied by Carter, Sallas and Hinde, all of which had been 

subjected to mechanical movement, the smaller spicules had been 

destroyed. Carter says that he did not find minute stellates or 

spines, or tubercles or the large spicules in the Haldon deposit. 
Sallas says that the once existing spicules are absent, because they 
have been dissolved. Hinde says that "flesh spicules are rarely met 
with in the fossil state." In the Texas flints a scarcity of zone spicules 
and a great number of flesh spicules, preserved in the greatest perfec- 
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tion, were found, precluding, Merrill believes, that they could have 
been subjected to any friction or great mechanical movement. From 
the state of preservation of the spicules the conclusion is reached that 
the nodules were formed in situ, and that each nodule represents "a 

separate sponge bed." The following is Mr. Merrill's theory: "On 
the death of any certain part, the spicules fell away, many of them fall 
down below into the mass at the bottom. Here the process of solu- 
tion went on continually, and nearly all the spicules were dissolved 
and few left in the dissolved mass. Why so many of the dermal spic- 
ules are left and the zone spicules nearly all dissolved is hard to account 

for, and I have no explanation to suggest. Many of the spicules 
would doubtless fall outside of the growing mass, and these might be 
dissolved according to the method suggested by Dr. Wallich elsewhere 

quoted, and by movement through the water settle around the masses 

already dissolved, and thus form the concentric rings above referred 

to, and also account for the broken condition of the peripheral spic- 
ules. This would also account for the fact that each nodule had a 

prevailing number of spicules peculiar to itself while a few were com- 
mon to all." The form and size of the nodules is thus explained: 
" If the sponge takes root in the ooze of the ocean and becomes firmly 
imbedded, there will be at its bottom a considerable cavity where the 
bottom part dies. We have no means of knowing how rapidly the 
oozes accumulate, but if they accumulate as rapidly as the dissolved 
silica accumulates, then it would seem that the ooze might enclose a 

pocket of the silica, having grown up around the base of the sponge. 
In this way the flint nodule would grow as the sponge mass may have 
been expected to grow; namely, it would begin small, reach a maxi- 
mum size, then decrease in size, and finally end in a point as it 

began." 
The theory of the formation of the zones seems weak, because it does 

not appear probable that the spicules would fall with sufficient regularity 
to make a concentric ring. According to the theory propounded by Mr. 
Merrill he seems to be of the opinion that the flints stand with their 

long axes vertical. The long axes lie in a horizonal plane. 
The observations of Murray, that sponge spicules collect around 

shells, is noted, and is considered a probable hypothesis, but Merrill 
does not consider it applicable to the nodules studied by him. Mr. 
Hill has noted the occurrence of Monopleura texana as a central 
nucleus of some of the flints found in Comanche county, specimens of 
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which are now in the United States National Museum, but these did 
not come under Mr. Merrill's observation. It must be noted in this 
connection that Mr. Merrill's material was proportionally very limited 
in comparison to the vast extent, variation and stratigraphic zones of 
the flints in Texas, and the only cause for regret is that he did not 
have a more extensive collection for study. 

Regarding the depth of the water in which the flints were formed, 
only a very general conclusion was reached, viz., it was beyond the 
continental shelf, but not in the deepest sea. 

The plate accompanying the paper is made up of thirty-six figures 
drawn by J. H. Emerton. The size of the objects figured was very 
carefully determined by micrometer measurements. 

The author should be complimented on the painstaking manner 
in which he has done this important work, and it stands as the first 
careful microscopic research into any part of the great series of chalky 
limestone sediments in the two great series of the Cretaceous in Texas. 

T. WAYLAND VAUGHAN. 

Thirteenthz Annual Report of the State Geologist (New York) for the 

year 1893. JAMES HALL, State Geologist. 
This report consists of two volumes, the first devoted to geology 

and the second to palaeontology. The papers published in Volume I. 
may be divided into two sections: first, those relating to the Livonia 
salt shaft, and second, papers on geologic work being done in con- 
nection with the preparation of a new geologic map of the state. 

In November, 1890 the Livonia Salt Company began the sinking 
of a shaft of 12 x 22 feet, 1432 feet in depth, at Livonia, Livingston 
county, New York. Detailed records were not preserved for the first 

380 feet, but from that depth to the bottom, Mr. D. D. Luther, 
in the employ of the state geologist, kept a careful record of the 

stratigraphy and collected great numbers of fossils, accurately record- 

ing their horizons. The strata penetrated were as follows: Drift (64 
ft.), Portage (55 ft.), Genesee (161 ft.), Hamilton (517 ft.), Marcellus 

(69 ft.), Corniferous (132 1/2 ft.), Onondaga (22 ft.), Oriskany (5 ft.), 
Lower Helderberg (112 ft.), and Salina (314 ft.). This is probably the 
most extensive continuous section of stratified rocks that has ever 
been submitted to such a detailed study, and the papers relating to it 
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